Increasing rates of obesity in western populations present management difficulties for clinicians caring for obese pregnant women. Various governing bodies have published clinical guidelines for the care of obese parturients. These guidelines refer to two components of anaesthetic care: anaesthetic consultation in the antenatal period for women with a body mass index (BMI) ≥ 40 kg/m 2 and the provision of early epidural analgesia in labour. These recommendations are based on the increased incidence of obstetric complications and the predicted risks and difficulties in providing anaesthetic care. The concept behind early epidural analgesia is logical-site the epidural early, use it for surgical anaesthesia and avoid general anaesthesia if surgery is required. Experts support this recommendation, but there is weak supporting evidence. It is known that the management of labour epidurals in obese women is complicated and that women with extreme obesity require higher rates of general anaesthesia. Anecdotally, anaesthetists view and apply the early epidural recommendation inconsistently and the acceptability of early epidural analgesia to pregnant women is variable. In this topic review, we critically appraise these two practice recommendations. The elements required for effective implementation in multidisciplinary maternity care are considered. We identify gaps in the current literature and suggest areas for future research. While prospective cohort studies addressing epidural extension ('top-up') in obese parturients would help inform practice, audit of local practice may better answer the question "is early epidural analgesia beneficial to obese women in my practice?".
Introduction
Worldwide, anaesthetists face challenges when caring for obese parturients. In 2012, 63% of Australian adults were classified as overweight or obese, reflecting other western societies 1 . With the rate of obesity in Australia continuing to rise 2 , these challenges will arise more frequently. The cause of this 'obesity epidemic' is considered complex and multifactorial [3] [4] [5] . In this topic review, we critically appraise two practice recommendations that guide the anaesthetic care of obese parturients: the antenatal anaesthetic consultation for women with a body mass index (BMI) >40 kg/m 2 and provision of early epidural analgesia in labour. We examine the utility of BMI as a measure of obesity and summarise current guidelines for the management of obese parturients.
The implications of obesity for obstetric and anaesthetic care are discussed and the quality of evidence supporting practice guidelines is examined. Elements required for effective implementation of recommendations across multidisciplinary maternity care are considered and gaps in knowledge or evidence are used to suggest areas for research.
Body mass index as a measure of obesity
The World Health Organization (WHO) uses BMI to classify overweight and obesity (Table 1) 6 . The index is calculated from an individual's weight in kilograms divided by their height in metres squared 6 . The classification is based on the relationship between BMI and the risk of obesityrelated disease which increases proportionally as the BMI increases 6 . There is no internationally accepted terminology for adults within the Class III category (BMI >40 kg/m 2 ) and various terms such as 'super-morbid obesity' are used inconsistently 7, 8 . In this review, the term 'extreme obesity' will be used to refer to a BMI >50 kg/m 2 . The BMI is widely used in obstetric and non-obstetric care [9] [10] [11] , despite well-described limitations 6, 10 . BMI-based classifications underestimate the incidence and risks of obesity among different ethnic groups 12 , in females 6 , and in athletes 13 , because of the failure of BMI to account for the distribution of body fat, which predicts the adverse metabolic consequences of obesity 14 . Direct ultrasound measurement of body fat, in preference to BMI, is being explored as a predictor of pregnancy outcomes 15 . Body fat distribution has practical significance for anaesthetists as, anecdotally, it may better determine the technical difficulty of neuraxial techniques. The use of BMI in pregnancy has been criticised due to its limitations 16 , however it remains widely used. BMI increases with gestational weight gain and some studies use self-reported weights 17 while others fail to state at what gestation the weight was measured 18, 19 .
Guidelines concerning anaesthetic management of the obese parturient
International guidelines for the management of obesity in pregnancy use the WHO classification (Table 2) 20-22
. Statespecific 23 and institutional 24 guidelines are frequently based on the recommendations of these larger organisations. The levels of evidence supporting these guidelines are described using different classifications. Two guidelines have been written with the purpose of optimising the pregnancy outcomes of obese women but the American guideline is the only one written by anaesthetists, for anaesthetists. While not specific to obesity, a recommendation regarding early epidural insertion specifically lists obesity as an indication.
The consistent components of guidelines pertaining to anaesthesia are a recommendation that an obese woman, with a BMI >40 kg/m 2 , should have a consultation with an obstetric anaesthetist in the antenatal period; and that early insertion of an epidural catheter, for labour analgesia, be considered in obese women. Compared to the literature regarding the obstetric outcomes for obese parturients, the evidence supporting anaesthetic management recommendations derives from lower levels of evidence 25 . Fitzsimons and Modder describe the development of the UK guideline, clearly stating that narrative reviews were excluded as sources of evidence "excepting anaesthesia"
26
. None of the anaesthetic content discriminates between a BMI >40 kg/m 2 and higher levels of BMI, such as in extreme obesity.
The significance of obesity in maternity care
Many large cohort studies have confirmed the relationship between maternal obesity and adverse maternal and foetal outcomes. Maternal obesity was a risk factor for maternal mortality in the Sixth Confidential Enquiry in the United Kingdom 27 . As maternal BMI increases above 35 kg/ m 2 , the risk of caesarean delivery more than doubles 28 . The combination of obesity with gestational diabetes strongly predicts caesarean delivery, pre-eclampsia and greater than 90th centile birth weights . Pre-eclampsia, foetal macrosomia and caesarean delivery are even more common in those with extreme obesity 33 
.
Neonates born to obese mothers are more likely to have congenital malformations 34 , be small or large for gestational age and to suffer hypoglycaemia and jaundice 35, 36 . 'Foetal programming' describes how intrauterine conditions during foetal development may influence the risk of developing obesity, type II diabetes, cardiovascular disease and cancer later in life [37] [38] [39] . 
The significance of maternal obesity in obstetric anaesthesia
Anaesthetists provide clinical services to obese pregnant women in the antenatal period (for assessment and consultation), for elective and emergency caesarean section and for labour analgesia. In the elective setting, appropriate scheduling of the caesarean section allows experienced obstetricians and anaesthetists to be present. Obese women who labour have an increased rate of instrumental and caesarean delivery and are more likely to require anaesthetic care. Antenatal anaesthetic consultation for obese pregnant women is recommended because of this higher rate of anaesthetic intervention, which may be time-critical and technically challenging. The anticipated difficulties are well described in review articles by experts [40] [41] [42] and include difficult intravenous access, difficult neuraxial techniques and difficult intubation and ventilation.
Evidence supporting these guidelines

The antenatal anaesthetic consultation
Little has been published regarding the referral of obese pregnant women to high-risk obstetric anaesthetic clinics. Survey results from the UK a decade ago found that only 40% of hospitals with more than 4000 deliveries per year held high-risk antenatal anaesthetic clinics 43 . One London hospital reported that the indication for 26% of women presenting to their high-risk clinic was 'morbid obesity' 44 . Aslani et al demonstrated, in a cohort of 42 women with a mean BMI of 37.6 kg/m 2 (± 5.7), that those counselled to receive epidural analgesia requested it early in labour 45 . Those who subsequently required emergency caesarean section (n=5) successfully avoided general anaesthesia. In a prospective observational study, Eley et al demonstrated that in an Australian tertiary centre, an antenatal anaesthetic consultation decreased the decisional conflict and anxiety of 89 obese women (mean BMI 43.6 kg/m 2 ± 5.6) and significantly changed their minds toward having epidural analgesia in labour 46 . Even without strong evidence supporting a beneficial effect on patient outcomes, the antenatal consultation is a low-risk practice recommendation that plays a role in patient education and may facilitate early implementation of epidural analgesia 46 .
Early epidural analgesia
In comparison, a recommendation for early epidural analgesia during labour describes a higher risk intervention with weak supporting evidence. The rationale appears twofold. The guidelines acknowledge more difficult insertion and multiple attempts, so early insertion allows more time in a less distressed woman. The American guideline 22 is the only one to state that an early epidural may prevent subsequent general anaesthesia but concedes that there is inadequate supporting evidence. Cautious language is used in both the Canadian guideline
21
-"dependent on the wishes of the patient, consideration should be given to early epidural in labour"
-and in the UK guideline 20 "An early epidural may be advisable depending on the clinical scenario". Nevertheless, this recommendation is emphasised in narrative reviews 40, 42 . There is no evidence about which women might potentially benefit most from this intervention-for example nulliparous women or those with extreme obesity. Thus these 'soft' recommendations are open to interpretation by individual anaesthetists and departments.
While the antenatal anaesthetic consultation and early epidural placement recommendations seem straightforward suggestions, in practice they require a successful multistage and multidisciplinary process (Figure 1 ). The 'ideal system' requires positive outcomes at eight critical times and if a goal is to 'prevent general anaesthesia', that epidural catheter must then be successfully topped-up for surgical anaesthesia if required.
1. Identification of a pregnant woman with a BMI >40 by midwifery and obstetric staff.
2. Classification of a woman with a BMI >40 as high risk.
3. Referral of a woman with a BMI >40 for anaesthetic review.
4. Consistent antenatal advice from anaesthetists that an 'early epidural' is recommended.
5. Consistent advice from midwifery and obstetric staff that an 'early epidural' is recommended.
6. Acceptance by the obese pregnant woman of the advice and her consent to the procedure.
7. Early referral by obstetric staff on labour and delivery unit to anaesthetic staff for epidural insertion.
8. Ready availability of experienced anaesthetic staff (and equipment) to insert early epidural. The concept behind the early epidural analgesia recommendation is logical-site the catheter early and use it for surgical anaesthesia if required. While experts confidently support this recommendation, the evidence supporting it is weak. So what do we need to know, to be reassured that there is sound evidence behind this logical suggestion?
Firstly, what are the relative risks and benefits of early (and potentially unnecessary) epidural analgesia, versus general anaesthesia, in this specific population? The neurological complication rates of neuraxial anaesthesia and analgesia have been estimated from large population studies [47] [48] [49] . With a low background incidence of complications observed in the obstetric subsets, none of these studies identified obesity as a predictor of complications. Overall, obstetric patients are observed to have fewer complications compared with nonobstetric perioperative populations, probably due to their relatively lower age and good health 49 . This generalisation may not necessarily extend to obese pregnant women, who have higher rates of smoking, socio-economic disadvantage 50 and difficult neuraxial insertion 17, [51] [52] [53] . While there is no evidence suggesting that obesity increases neurological complications, it does make the successful performance of neuraxial techniques more difficult 17, [51] [52] [53] . Tonidandel et al identified that women weighing more than 136 kg were significantly more likely than those weighing less than 113 kg to require a repeat procedure for labour analgesia 53 . Ellinas et al found that although BMI predicted the difficulty of palpating landmarks and the ability of a patient to flex their back for neuraxial placement, BMI did not predict the number of insertion attempts or placement time 54 . The variable quality of analgesia in obese women has been attributed to inconsistent spread of epidural drugs 55 . On this basis, some experts recommend intrathecal catheter insertion 42 . The rate of accidental dural puncture may be higher in obese obstetric patients due to difficult insertion 56 , although the subsequent development of a post dural puncture headache appears less likely in morbidly obese patients, possibly due to the effect of higher intra-abdominal pressure [57] [58] [59] . Obesity is associated with an increased epidural re-site rate 17 and early insertion may exacerbate this by increasing the time during which catheter migration can occur. Closer examination of the role of different catheter fixation devices 60 and tunnelling of epidural catheters 61 in labouring women with Class III obesity would help to guide practice.
The increasing use of regional techniques in obstetric anaesthesia has contributed to fewer complications from general anaesthesia in the United Kingdom over the last fifty years 27, 62 . However general anaesthesia remains the only alternative for caesarean section when neuraxial anaesthesia fails. Difficult intubation rates in obstetric patients are consistently reported to be higher than in the general population 63 , with likely contributors including changes in airway anatomy, the declining use of general anaesthesia in obstetrics, clinical urgency, involvement of junior anaesthetic staff, situational anxiety and the amount of obstetric work occurring outside regular hours 64 . The United Kingdom Obstetric Surveillance System demonstrated a failed intubation rate of 1:224 65 and a 7% increase in the risk of failed intubation for each unit increase in BMI
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. The Fourth National Audit Project reported four cases of failed intubation in obstetric anaesthesia, three patients being obese 62 . In 2015, the Obstetric Anaesthetists Association and the Difficult Airway Society published a joint guideline on airway management in obstetrics 66 . This guideline highlights obesity as a significant factor in decision-making around urgent and failed airway management. In summary, despite the documented difficulties in performing neuraxial techniques in obese parturients, there are good reasons to avoid general anaesthesia in these women. The risks of airway and ventilation difficulties are probably higher than the risks of neurological complications from neuraxial anaesthesia, although the influence of obesity on these complications is unknown.
Secondly, do obese patients who receive early epidural analgesia actually avoid general anaesthesia when caesarean section is required? There is conflicting evidence as to whether BMI is a predictor of failure of epidural top-up for surgical anaesthesia. Extension of block to achieve surgical anaesthesia requires high concentration local anaesthetic solution, sometimes in large volumes. In a general obstetric population, several predictors of failure have been identified. The number of clinician-performed boluses during labour has consistently been shown to be predictive 18, [67] [68] [69] [70] and the choice of local anaesthetic may be important 72 . BMI predicted failure in one study 69 , but this was not replicated by others 19, 51, 70 . The under-representation of obese women in large cohort studies and meta-analyses limits their findings. Halpern et al found that those with a >35 kg/m 2 were not more likely to fail conversion to surgical anaesthesia . Tonidandel et al concluded that failure of neuraxial anaesthesia for caesarean section was no greater among an obese group, but only 51 obese patients and 16 controls had an epidural top-up 52 . We retrospectively compared use of in situ epidural catheters for surgical anaesthesia in 63 obese women and 63 controls. The odds ratio for 'failure to use the epidural' in the obese group was 2.48 72 . A meta-analysis published in 2012 did not identify weight or BMI as predictors of top-up failure 67 . There are no prospective studies designed to examine the effectiveness of extension of labour analgesia to surgical anaesthesia among patients with a BMI ≥40 kg/m 2 , and rates of failure to do so vary widely, from 0.7% to 23% 18, 19, [73] [74] [75] [76] , with variations likely a consequence of differences in local practice, staffing and definition.
Ultrasound is increasingly used to facilitate neuraxial anaesthesia in obstetric patients 77 . Vellejo et al found that using pre-procedure ultrasound reduced the rate of failed labour analgesia when initiated by trainees 78 . Balki et al reported promising results in a cohort of 46 women with a BMI range of 33-86 kg/m 2 who had requested a labour epidural 79 . They found a strong correlation between the actual distance to the epidural space and that measured by ultrasound. More widespread use of ultrasound guidance has the potential to facilitate epidural insertion in obese labouring women. Evidence for an impact of ultrasoundfacilitated insertion on the success of a subsequent epidural top-up in obese parturients would contribute significantly to this area of knowledge.
The degree of obesity may influence the successful completion of caesarean section under regional anaesthesia (see Figure 2 ).
Poorly palpable landmarks may result in a misplaced or poorly functioning catheter.
A greater degree of subcutaneous fat in the lumbar area may contribute to catheter migration 82 .
Urgency may preclude adequate time to establish anaesthesia.
Intraoperative haemorrhage (more common in obese parturients 83 ) may require conversion to GA.
Prolonged surgical time may require conversion to GA.
Respiratory compromise when recumbent may require conversion to GA. Data reported by the Australasian Maternal Outcomes Surveillance System showed that women with a BMI >50 kg/m 2 had double the rate of caesarean section compared to the control group, half being unplanned and associated with a significantly higher rate of general anaesthesia (9.9%) 50 . Unfortunately it is not known if these operations were commenced under general anaesthesia or involved intraoperative conversion. These results are consistent with those from the UK 7 , substantiating the concern of anaesthetists about providing time-critical anaesthesia to obese parturients. In summary, there is a large knowledge gap with respect to the influence of obesity on successful epidural conversions that allow general anaesthesia to be avoided. Certain obese pregnant women (nulliparous women, those with extreme obesity or a largefor-gestational-age foetus) may gain more benefit from early epidural insertion than others but such subgroups have not been identified. There are many reasons why an epidural, inserted early in an obese parturient, might not be used for, or might fail to provide, surgical anaesthesia ( Figure 2) . Large prospective cohort studies focusing on the influence of obesity would inform practice but knowledge of outcomes in one's local practice is arguably more informative (see Figure  3) . Departments that audit their rate of epidural failure in this setting, including among obese parturients, could determine whether obese women do or do not benefit from early epidural insertion in their institution. 
The patient perspective
If an obese pregnant woman does not accept the recommendation of early epidural insertion then the process is halted and the purported benefits of performing a difficult insertion in a less distressed patient are lost. Therefore the woman's experience and perceptions will significantly influence the outcome of this multistage process. We suggest that the impact of the 'early epidural' recommendation will vary depending on a number of factors. These include the individual views of the anaesthetists, the manner in which the recommendation is presented at the antenatal consultation and the underlying epidural analgesia rate among the population being considered. When early epidural analgesia is both readily available and used (e.g. some French hospitals report an epidural rate of 87% 80 ), this early epidural recommendation is likely to be well-received by obese pregnant women and easier to implement. Conversely, when epidural analgesia is not readily available or not commonly used (e.g. epidural rates in Australian states vary between 18% and 45% 81 ), then the recommendation may be less well received by the women, midwives and obstetric staff, making practical implementation more difficult.
Conclusion
Early epidural analgesia in obese parturients is a logical idea, supported by weak evidence. If focused prospective studies were performed and showed benefits to obese pregnant women, anaesthetists would be reassured when counselling these women in the antenatal period, especially if local audit supported the results. Identifying subgroups of women who benefit most would assist in directing local resources in smaller hospitals. The aim of improving outcomes for obese pregnant women is laudable and reflective practice should enhance effective anaesthetic management of this common group of obstetric patients.
